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([WUDFWLQJPRYLQJREMHFWVIURPLPDJHVHTXHQFHVQDWXUDOO\GHSHQGVRQWKH
QDWXUHRIWKHLUPRWLRQ7KHDQWLFLSDWHGWUDMHFWRU\RIPRYHPHQWWKURXJKWKH
VHTXHQFHFDQEHGHVFULEHGDVDWHPSODWH7KHVHPRWLRQWHPSODWHVKDYHEHHQ
FRPELQHGZLWKDUHFHQWDSSURDFKWKDWFDQH[WUDFWDUELWUDU\VKDSHVPRYLQJ
ZLWKLQ LPDJH VHTXHQFHV 7KH QHZ FRPELQHG DSSURDFK LV SKUDVHG DURXQG
HYLGHQFHJDWKHULQJWRDFFUXHSURYHQSHUIRUPDQFHDGYDQWDJHVLQUHVSHFWRI
QRLVH DQG RFFOXVLRQ )XUWKHU XQOLNH WUDFNLQJ WKH DSSURDFK QHHGV QR
LQLWLDOLVDWLRQ:HVKRZE\UHVXOWKRZWKHQHZWHFKQLTXHFDQH[WUDFWZDONLQJ
KXPDQ VXEMHFWV DQG DQDO\VH LWV SHUIRUPDQFH DWWULEXWHV ,Q YLHZ RI LWV
FDSDELOLW\WRKDQGOHQRLVHDQGRFFOXVLRQWKHQHZWHFKQLTXHVKRXOGSURYLGHDQ
DSSURSULDWHSULPHUIRUVD\VWDWLVWLFDODSSURDFKHVWRJDLWUHFRJQLWLRQ
,QWURGXFWLRQ
7KHUREXVWDQGDFFXUDWHH[WUDFWLRQRIDUELWUDULO\PRYLQJDUELWUDU\VKDSHVLVDGLIILFXOW
SUREOHPIRUPDFKLQHYLVLRQ7KHUHLVDVXEVWDQWLDOOLWHUDWXUHRQWKHSUREOHPRIWUDFNLQJ
VKDSHVLQDVHTXHQFHIRUH[DPSOHWKHWUDFNLQJRIKXPDQVKDVUHFHQWO\EHHQDGPLUDEO\
VXUYH\HG>@+RZHYHULWLVIDUOHVVXVXDOWRH[WUDFWVKDSHVIURPDQLPDJHVHTXHQFH
ZKLFK LV GLVWLQJXLVKHG IURP WUDFNLQJ E\ D PRUH KROLVWLF YLHZ RI WKH VHTXHQFH DQG
IUHTXHQWO\DSULRULNQRZOHGJHDQGDQRIIOLQHDSSURDFK+HUHZHSURSRVHDPHWKRG
WKDWPDLQWDLQVRSWLPDOH[WUDFWLRQRIWDUJHWVPRYLQJLQDVSHFLILHGDUELWUDU\IDVKLRQHYHQ
LQKLJKOHYHOVRIQRLVHRURFFOXVLRQ,QDGGLWLRQWKHUHLVQRQHHGIRULQLWLDOLVDWLRQRU
WUDLQLQJ 7KHVH TXDOLWLHV DUH GHULYHG IURP WKH XVH RI UREXVW HYLGHQFH JDWKHULQJ
WHFKQLTXHVDQGWKHH[SORLWDWLRQRIWHPSRUDOFRUUHODWLRQLQWKHVHTXHQFH
,Q WHUPV RI +RXJK WUDQVIRUP +7 EDVHG GHYHORSPHQWV IRU PRYLQJ REMHFW
H[WUDFWLRQ WKH XVH RI SUHGHILQHG PRWLRQ LV QRYHO 3UHYLRXVO\ HYLGHQFH JDWKHULQJ
DOJRULWKPV KDYH DOZD\V KDG OLPLWHG PRWLRQ PRGHOV WKDW KDQGOH SDUWLFXODU IRUPV RI
SDUDPHWULFPRWLRQHJOLQHDUYHORFLW\RQO\VLQXVRLGDOPRWLRQHWF7KHUHDVRQIRUWKLV
OLPLWLVWKDWDVWKHPRWLRQPRGHOEHFRPHVPRUHFRPSOH[PRUHWHUPVDUHUHTXLUHGLQWKH
SDUDPHWULFGHVFULSWLRQDQGWKXVPRUHGLPHQVLRQVDUHDGGHGWRWKHSDUDPHWHUVSDFH7KLV
UDSLGO\DQGFDWDVWURSKLFDOO\HQODUJHVWKHVHDUFKVSDFHWRDQXQIHDVLEOHH[WHQW7KHUHDUH
SDUDOOHOVWRWKLVSDUDPHWHULVDWLRQRI PRWLRQ LQ WKH HDUOLHU SDUDPHWHULVDWLRQ RI VKDSH
ZKHUH LQFUHDVLQJO\ FRPSOH[ VKDSHV ZHUH UHSUHVHQWHG E\ PRUH FRPSOH[
SDUDPHWHULVDWLRQV DQG D FRPPHQVXUDWHO\ ODUJHU GLPHQVLRQDOLW\ 7KH VROXWLRQ WR WKLV
GLPHQVLRQDOH[SORVLRQZDVIRXQGLQWKHXVHRIWHPSODWHVZKLFKDOORZHGDQHIILFLHQW
DQGORZGLPHQVLRQDOSDUDPHWHULVDWLRQRIDQ\VKDSH6LPLODUO\ZHVKRZWKDWWHPSODWHVKDYHDSODFHLQWKHDQDO\VLVRIPRWLRQXVLQJWKH
+77KHVHPRWLRQWHPSODWHVH[WHQGWKHXVHRIWHPSODWHVIURPWKHVSDWLDOGRPDLQLQWR
WKHWHPSRUDO7KLVVROYHVWKHSUREOHPVDVVRFLDWHGZLWKLQFUHDVLQJGLPHQVLRQDOLW\VLQFH
WKH DLP FKDQJHV IURP ILQGLQJ WKH SRWHQWLDOO\ XQOLPLWHG VHW RI SDUDPHWHUV WKDW
FKDUDFWHULVHDSDUWLFXODUPRWLRQWRILQGLQJWKHOLPLWHGVHWRISDUDPHWHUVWKDWORFDWHWKH
REMHFW XQGHUJRLQJ WKH VSHFLILHG PRWLRQ 7KLV HQDEOHV WKH H[WUDFWLRQ RI DUELWUDULO\
PRYLQJVKDSHVZLWKRXWDSXQLWLYHFRPSXWDWLRQDOEXUGHQ
)RXULHUGHVFULSWRUWHPSODWHUHSUHVHQWDWLRQ
,QWKH*HQHUDOLVHG+7*+7>@WKHWHPSODWHVKDSHLVUHSUHVHQWHGE\DQ5WDEOH±D
GLVFUHWHORRNXSWDEOH7KHSUREOHPVZLWKWKLVUHSUHVHQWDWLRQDUHZHOONQRZQ [@EXW
HVVHQWLDOO\GHULYHIURPWKHIDFWWKDWLWLVDGLVFUHWHUHSUHVHQWDWLRQVDPSOHGDWDSDUWLFXODU
VFDOH:KHQWKHWHPSODWHLVVFDOHGRUURWDWHGWKHUHFDQEHSUREOHPVZLWKDOLDVLQJDQG
URXQGLQJHUURUV)LJXUHEVKRZVWKHHIIHFWVRIVFDOLQJDQGURWDWLQJWKHGLVFUHWHVHWRI
SRLQWVFRPSULVLQJWKHVKDSHLQ)LJXUHD&OHDUO\WKHQHZVHWRISRLQWVKDVPLVVLQJ
GDWDDQGWKHHIIHFWVRIGLVFUHWLVDWLRQDUHHYLGHQW,IWKHVKDSHKDGEHHQUHGXFHGSRLQWV
LQWKHRULJLQDOZRXOGPHUJHHIIHFWLYHO\RYHUVDPSOLQJWKHVKDSH
DRULJLQDOVKDSH EURWDWHGDQGVFDOHGYHUVLRQVRIRULJLQDOVKDSH
)LJXUH±&RQVHTXHQFHVRI'LVFUHWH6KDSH5HSUHVHQWDWLRQ
'LVWRUWLRQVDUHLQHYLWDEOHZKHQZRUNLQJZLWKGLVFUHWHV\VWHPV1HYHUWKHOHVVWKH
ZRUVWHIIHFWVFDQEHDYRLGHGE\XVLQJDFRQWLQXRXVVKDSHUHSUHVHQWDWLRQIRUDVPXFKRI
WKH SURFHVV DV SRVVLEOH (OOLSWLF )RXULHU GHVFULSWRUV >@ KDYH EHHQ GHSOR\HG LQ DQ
DGDSWDWLRQRIWKH*+7>@JLYLQJDFRQWLQXRXVUHSUHVHQWDWLRQWKDWFDQEHVDPSOHGDWDQ\
UHVROXWLRQZLWKRXWDOLDVLQJSUREOHPV(OOLSWLF)RXULHUGHVFULSWRUVZHUHFKRVHQIRUWKHLU
FRPSOHWHQHVVVLPSOHJHRPHWULFLQWHUSUHWDWLRQDFFHVVWRIUHTXHQF\LQIRUPDWLRQDQGWKH
IDFWWKDWWKH\FDQEHHDVLO\SURGXFHGIURPDFKDLQFRGHRIWKHFRQWRXU
7HPSRUDOHYLGHQFHJDWKHULQJ
,WLV ZHOONQRZQWKDW PRVWLPDJHVHTXHQFHVFRQWDLQ VLJQLILFDQWFRUUHODWLRQEHWZHHQ
IUDPHVDIDFWFRPPRQO\XWLOLVHGE\PDFKLQHYLVLRQDQGYLGHRFRPSUHVVLRQDOJRULWKPV
DPRQJVW PDQ\RWKHUV7KLVFRUUHODWLRQ ZDV ILUVW H[SORLWHG LQ WKH HYLGHQFHJDWKHULQJ
ILHOG E\ WKH 9HORFLW\ +RXJK 7UDQVIRUP 9+7 >@ ZKLFK H[WUDFWV WKH RSWLPXP
SDUDPHWHUVGHVFULELQJDFRQLFVHFWLRQPRYLQJZLWKOLQHDUYHORFLW\,QHVVHQFHWKH9+7
DFFXPXODWHV HYLGHQFH IURP WKH ZKROH VHTXHQFH FRQFXUUHQWO\ H[WUDFWLQJ RSWLPDO
VWUXFWXUDODQGPRWLRQSDUDPHWHUV8VLQJWKHWHPSRUDOFRUUHODWLRQLQDVHTXHQFHPDNHV
WKH 9+7 PRUH UREXVW WKDQ D VWDQGDUG IUDPHE\IUDPH WUDFNLQJ LPSOHPHQWDWLRQ
HVSHFLDOO\ZKHQWKHWDUJHWLVRFFOXGHGRUQRLV\$Q\PLVVLQJRUGDPDJHGVWUXFWXUDO
LQIRUPDWLRQLQDIUDPHFDQEHFRPSHQVDWHGIRUE\WKHUHGXQGDQWLQIRUPDWLRQLQRWKHUV
$VDQHYLGHQFHJDWKHULQJWHFKQLTXHWKH9+7DOVRUHTXLUHVQRLQLWLDOLVDWLRQDQGDYRLGVWKHFRUUHVSRQGHQFHSUREOHPGXHWRWKHJOREDOQDWXUHRIWKHVHDUFK7KHPRWLRQPRGHOLV
S D U D P H W U L F D Q G F D Q E H H [ W H Q G H G I U R P O L Q H D U Y H O R F L W \ E \ L Q F O X G L Q J H [ W U D W H U P V W R
GHVFULEHPRUHFRPSOH[PRWLRQ,QWKLVUHVSHFWDQH[WHQVLRQWRWKH9+7WRILQGZDONLQJ
VXEMHFWV XVLQJ DQ DUWLFXODWLRQ PRGHO >@UHTXLUHG SDUDPHWHUV ZKHQ PRYLQJ ZLWK
FRQVWDQWYHORFLW\+RZHYHUDQ\SDUDPHWULFH[WHQVLRQWRWKHPRWLRQPRGHOZLOOLQFUHDVH
WKHGLPHQVLRQDOLW\RIWKHDFFXPXODWRUDQGWKXVWKHFRPSXWDWLRQDOUHVRXUFHVUHTXLUHG
DIUDPH EIUDPH FIUDPH GIUDPH
)LJXUH±3UREOHPVZLWK([WUDFWLQJDQ$UELWUDU\6KDSHZLWK&RQVWDQW9HORFLW\
,QDQHDUOLHUZRUN>@ZHH[WHQGHGWKHVKDSHPRGHOLQWKH9+7WRKDQGOHDUELWUDU\
VKDSHV7KLVZDVDFKLHYHGE\LQFRUSRUDWLQJWKH)RXULHUGHVFULSWRUEDVHGYDULDQWRIWKH
*+7 GHVFULEHG DERYH LQWR WKH 9+7 $PDOJDPDWLQJ WKHVH WHFKQLTXHV XQLILHV WKHLU
XQLTXHDQGFRPSOHPHQWDU\DGYDQWDJHV7KH)RXULHUGHVFULSWRUVSURYLGHDFRQWLQXRXV
WHPSODWHUHSUHVHQWDWLRQPLQLPLVLQJGLVFUHWLVDWLRQHUURULQWKHDOJRULWKPDQGWKH9+7
H[SORLWVWKHWHPSRUDOFRUUHODWLRQDFURVVDVHTXHQFHZKLOVWDOVRPLWLJDWLQJWKHHIIHFWVRI
QRLVHDQGRFFOXVLRQ7KHQHZDOJRULWKPGRHVQRWUHTXLUHLQLWLDOLVDWLRQRUWUDLQLQJDQG
DYRLGVWKHQHHGWRVROYHWKHFRUUHVSRQGHQFHSUREOHPLQKHULWLQJWKHVHFKDUDFWHULVWLFV
IURPWKH9+7+RZHYHUWKLVWHFKQLTXHZDVVWLOOOLPLWHGE\WKHSDUDPHWHULVHGPRWLRQ
PRGHO)LJXUHVKRZVWKHH[WUDFWLRQRIDZDONLQJVXEMHFWXVLQJDSXUHO\OLQHDUYHORFLW\
PRWLRQPRGHO$VFDQEHVHHQWKHWHPSODWHRYHUWDNHVWKHVXEMHFWGXHWRWKHYDULDWLRQLQ
WKHJDLWPRWLRQZKLFKYLRODWHVWKHFRQVWDQWDVVXPSWLRQVRIWKHPRWLRQPRGHODVWKH
ZDONHUULVHVXSRQKLVOHJDURXQGIUDPHKHDOVRVORZVGRZQ
0RWLRQ7HPSODWHV
7KHHDUOLHUDSSURDFKHVWRPRYLQJVKDSHH[WUDFWLRQDUHOLPLWHGE\WKHGLPHQVLRQDOLW\RI
WKHSDUDPHWHULVHGPRWLRQPRGHO$VVWDWHGRXUREMHFWLYHLVWRUHPRYHWKLVOLPLWDWLRQ
DQG HQDEOH WKH H[WUDFWLRQ RI DUELWUDU\ VKDSHV XQGHUJRLQJ DUELWUDU\ PRWLRQ E\ XVLQJ
PRWLRQWHPSODWHVWRGHVFULEHWKHPRYHPHQWRIWKHWDUJHW:LWKWKHVHWHPSODWHVLWLVQR
ORQJHUQHFHVVDU\WRDFFXPXODWHIRUWKHSDUDPHWHUVGHVFULELQJWKHPRWLRQVLQFHWKH\DUH
DOUHDG\NQRZQ1DWXUDOO\WKHPRWLRQWHPSODWHVUHTXLUHDSULRULNQRZOHGJHFRQFHUQLQJ
WKH WDUJHW REMHFW
V SDWK EHIRUH DQDO\VLV 6LQFH WUDFNLQJ E\ GHILQLWLRQ SUHFOXGHV WKH
SRVVHVVLRQ RI WKLV LQIRUPDWLRQ LW LV LPSRUWDQW WR REVHUYH WKDW WKH QLFKH IRU PRWLRQ
WHPSODWHVLVH[WUDFWLRQRUUHFRJQLWLRQ0RWLRQWHPSODWHVPDNHLWSRVVLEOHWRUREXVWO\
DQG HIILFLHQWO\ H[WUDFW SDUDPHWHUV GHVFULELQJ D VKDSH WKDW LV IROORZLQJ D VSHFLILHG
WUDMHFWRU\+RZHYHUDOLPLWHGSUHGLFWLYHFDSDELOLW\LVSRVVLEOHLIWKHPRWLRQWHPSODWH
FRYHUVDODUJHUWLPHWKDQDQDO\VHGRUIRUUHSHWLWLYHPRWLRQVLQFHWKHVXEMHFWZLOOEH
DVVXPHGWRFRQWLQXHWKHPRWLRQ
$VDUHVXOWRIWKHUHTXLUHPHQWIRUGHWDLOHGSULRUNQRZOHGJHWKHQHZDOJRULWKPZLOO
EHRIXVHLQFDVHVZKHUHWKHJHQHUDOSDWKRIPRWLRQLVNQRZQHJFDUVWXUQLQJDWWUDIILF
OLJKWVZLOOIROORZURXJKO\WKHVDPHSDWK+RZHYHUWKHUHPD\EHGLIILFXOWLHVLQUHDOZRUOGLPDJHU\VLQFHQRWDOOREMHFWVZLOOIROORZH[DFWO\WKHVDPHSDWK7KHIRUJLYLQJ
QDWXUH RI DQ HYLGHQFHJDWKHULQJ DSSURDFK VKRXOG DEDWH WKLV FRQFHUQ SURYLGHG WKH
GHYLDWLRQVDUHQRWH[FHVVLYH0RWLRQWHPSODWHVPXVWHQFRGHWKHUHODWLYHSRVLWLRQRIWKH
WDUJHWREMHFWDWDOOWLPHV7KLVZLOODXWRPDWLFDOO\GHVFULEHSURSHUWLHVRIWKHPRWLRQVXFK
DVVSHHGDQGDFFHOHUDWLRQ0RWLRQWHPSODWHVVKRXOGDOVRUHFRUGFKDQJHVLQVFDOHDQG
URWDWLRQRYHUWLPHVLQFHLQPRWLRQPDQ\REMHFWVURWDWHHJDFDUYLHZHGIURPDERYH
URWDWHVDVLWFRUQHUVDQGVFDOHHJGXHWRSHUVSHFWLYHHIIHFWV7KLVDGGLWLRQDOGHWDLO
RQO\LQFUHDVHVWKHFRPSOH[LW\RIWKHPRWLRQWHPSODWHUDWKHUWKDQWKDWRIWKHDOJRULWKP
7KHUHSUHVHQWDWLRQRIWKHPRWLRQWHPSODWHVVKRXOGEHFRQWLQXRXVVRDVWRDYRLGWKH
SUREOHPVRIGLVFUHWHUHSUHVHQWDWLRQVVHFWLRQ$VVXFKLWLVDJDLQ SUXGHQW WR XVH
)RXULHU GHVFULSWRUV ZLWK WKH HDUOLHU DGYDQWDJHV )XUWKHUPRUH ZH KDYH D FRQVLVWHQW
IUDPHZRUNIRUWKHUHSUHVHQWDWLRQRIDUELWUDU\VKDSHDQGPRWLRQ
8VLQJPRWLRQWHPSODWHVLQWKH+7UHTXLUHVQRDGGLWLRQDOSDUDPHWHUVWREHVHDUFKHG
IRULQWKHDFFXPXODWLRQSKDVH+RZHYHUVXFKDVWULFWLPSOHPHQWDWLRQZRXOGUHGXFHWKH
IXQFWLRQDOLW\H[FHVVLYHO\(VVHQWLDOSDUDPHWHUVDUHURWDWLRQRIWKHPRWLRQWHPSODWHLQLWV
VSDWLDOGLPHQVLRQVDQGVFDOLQJLQERWKVSDWLDODQGWHPSRUDOGLPHQVLRQV7KHVFDOLQJLQ
WKHVSDWLDOD[HVLVXQLIRUPVLQFHZHZLOOLQLWLDOO\KDQGOHDIILQHWUDQVIRUPDWLRQVRQO\
6FDOLQJLQWKHWHPSRUDOD[LVDGMXVWVWKHWLPHWDNHQWRWUDYHUVHWKHPRWLRQWHPSODWHDQG
WKXVWKHVSHHGZLWKZKLFKDQREMHFWPXVWPRYHWREHLGHQWLILHG)LQDOO\ZHPXVWDGGDQ
RIIVHWSKDVHWRVHSDUDWHWKHWLPHHQFRGHGLQDPRWLRQWHPSODWHIURPWKDWXVHGLQD
VHTXHQFH2WKHUZLVHWKHIUDPHWLPH]HURZRXOGEHWLHGGLUHFWO\WRWLPH]HURLQWKH
PRWLRQWHPSODWHSUHYHQWLQJFRUUHFWH[WUDFWLRQIRUDVHTXHQFHWKDWEHJDQZLWKWKHWDUJHW
REMHFW SDUWZD\ WKURXJK LWV WUDMHFWRU\ +HQFH WKH WLPHVFDOH SDUDPHWHU SURYLGHV
WHPSRUDO VFDOH LQYDULDQFH DQG WKH RIIVHW SDUDPHWHU JLYHV WHPSRUDO WUDQVODWLRQ
LQYDULDQFH5RWDWLRQLQYDULDQFHLVQRWUHTXLUHGVLQFHWLPHLVRQHGLPHQVLRQDO
$FFRUGLQJO\ XVLQJ PRWLRQ WHPSODWHV DGGV MXVW IRXU H[WUD SDUDPHWHUV JLYLQJ DQ
HLJKW±GLPHQVLRQDODFFXPXODWRU:KLOVWWKLVZLOOLQFUHDVHFRPSXWDWLRQDOUHTXLUHPHQWVLW
LVPXFKOHVVWKDQWKHGLPHQVLRQDOH[SORVLRQRIIHUHGE\SRO\QRPLDOH[WHQVLRQ&OHDUO\
WKHDELOLW\WRH[WUDFWUREXVWO\DQGRSWLPDOO\DUELWUDU\VKDSHVZLWKDQDUELWUDU\PRWLRQLV
ZHOOZRUWKWKHDGGLWLRQDOFRPSXWDWLRQDOUHTXLUHPHQWV
 7KHRU\
7KHWKHRU\VXSSRUWLQJPRWLRQWHPSODWHVLVGHYHORSHGIURPWKHDUELWUDU\VKDSH9+7>@
ZKLFKLWVHOIZDVDQH[WHQVLRQWRWKH)RXULHUGHVFULSWRUYDULDQW>@RIWKH*+7$VDQDLG
WRYLVXDOLVDWLRQIRUDJLYHQIHDWXUHSRLQWHJDQHGJHSL[HOLQDIUDPHDORFXVRI
SRLQWV LV SORWWHG WKURXJK WKH HLJKWGLPHQVLRQDO DFFXPXODWRU VSDFH 7KLV ORFXV LV
FRQVWUXFWHGIURPWKHVKDSHDQGPRWLRQGHVFULSWRUVZKLFKDUHXVHGWRWUDFHVFDOHGDQG
URWDWHG LQVWDQFHV RI WKH WHPSODWH VKDSH WUDQVODWHG WR FRPSHQVDWH IRU WKH H[SHFWHG
PRWLRQRIWKHREMHFWUHODWLYHWRWKHWLPHUHIHUHQFHRIHDFKIUDPHLQWZRGLPHQVLRQDO
SODQHVWDNHQDORQJWKH[DQG\D[HVRIWKHDFFXPXODWRU2QFHWKHYRWLQJSURFHVVLV
FRPSOHWHSHDNVLQWKHDFFXPXODWRULQGLFDWHWKHORFDWLRQDQGRWKHUSDUDPHWHUVDWWLPH
W RIDQLQVWDQFHRIWKHWDUJHWVKDSHPRYLQJDORQJWKHVSHFLILHGSDWK,QRUGHUWR
GHYHORS WKH YRWLQJ PHFKDQLVP ZH UHTXLUH DQ DUELWUDU\FXUYH SDUDPHWHULVDWLRQ IRU
VKDSHV $ FXUYH GHILQHG E\ WZR VHWV RI RUWKRJRQDO FRRUGLQDWHV F[V DQG F\V
SDUDPHWHULVHGE\V Î>   p KDVHOOLSWLF)RXULHUGHVFULSWRUVDVIROORZV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EHFRQYHUWHGWRYHFWRUVDORQJ[DQG\D[HVIURPWKHRULJLQWRDSRLQWRQWKHFXUYHE\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ZKHUH )' D E D E D E [ [ [ [ [ [Q [Q =^      ` ￿￿￿￿ ZLWK PDWFKLQJ HTXDWLRQV LQ \ 7KH '&
WHUPVKDYHEHHQRPLWWHGE\QRWVXPPLQJIRUN ZKLFKWUDQVODWHVWKHFXUYHVRWKDW
LWVFHQWUHLVDWWKHRULJLQ7KHVKDSH
VLQLWLDOVFDOHDQGURWDWLRQLVJLYHQE\DV >OJ￿￿rJ@DV
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ZLWKDVLPLODUHTXDWLRQIRU5\:HPXVWSDUDPHWHULVHWKHPRWLRQWHPSODWHHQFRGLQJWKH
FKDQJLQJ[\URWDWLRQDQGVFDOHSDUDPHWHUV7KHPDMRUGLIIHUHQFHLQWKHGHILQLWLRQRI
WKHPRWLRQWHPSODWHIURPWKDWRIWKHVKDSHSDUDPHWHULVDWLRQLVWKDWWKH'&WHUPVDUH
UHWDLQHG DQG XVHG LQ WKH UHFRQVWUXFWLRQ 5HPRYLQJ WKHP ZRXOG HIIHFWLYHO\ WUDQVODWH
UHFRQVWUXFWHG FRRUGLQDWHV UHODWLYH WR VRPH DUELWUDU\ RULJLQ HJ WKH FHQWUH ZKLFK
ZRXOGGHVWUR\WKHXWLOLW\RIWKHVHTXHQFHE\PRYLQJWKHVWDUWSRLQW
/HWP[IP\IPSIDQGPOIEHIXQFWLRQVWKDWWDNHDIUDPHWLPHIDQGUHFRYHUD
FRRUGLQDWHIRU[SRVLWLRQ\SRVLWLRQURWDWLRQRUVFDOHUHVSHFWLYHO\ IURPD PRWLRQ
WHPSODWH7KLVPRWLRQWHPSODWHLVQRZXVHGWRWUDQVIRUPWKHFRRUGLQDWHVFDOFXODWHG
IURPWKHVKDSHGHVFULSWRUV7KHVHFRRUGLQDWHVKDYHDOUHDG\EHHQJOREDOO\VFDOHGDQG
URWDWHGLHZHDUHXVLQJ5[DQG5\IURPHTXDWLRQWRDGMXVWIRUSRVVLEOHLQLWLDOVFDOHV
DQGRULHQWDWLRQV7KHVHDUHWKHQVFDOHGDQGURWDWHGDV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ZLWKDVLPLODUHTXDWLRQIRU\FRRUGLQDWHVZKHUHILVWKHIUDPHRIWKHFXUUHQWLPDJHDQG
RLVDSDUDPHWHUWKDWRIIVHWVDQ\PLVPDWFKEHWZHHQWKHIUDPHVLQWKHVHTXHQFHDQGLQ
WKHPRWLRQWHPSODWHPOIRDQGPSIRUHVSHFWLYHO\UHFRYHUVFDOHDQGURWDWLRQYDOXHV
IRUWLPHIRIURPWKHPRWLRQWHPSODWH7KHVHURWDWHGDQGVFDOHGFRRUGLQDWHVQRZ
UHSUHVHQWWKHVKDSHDWWKHH[SHFWHGRULHQWDWLRQDQGVFDOH1H[WWKH\DUHWUDQVODWHGWR
FRPSHQVDWHIRUWKHREMHFW
VH[SHFWHGPRWLRQ+RZHYHUWKHSDWKRIH[SHFWHGPRWLRQLV
DOVRVFDOHGDQGURWDWHGUHTXLULQJSDUDPHWHUV DPPP O =>@ r 
m x r r [P V [V P [ P P \ P VIR VIR OP I R OP I R 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DJDLQZLWKDVLPLODUHTXDWLRQLQ\DQGZKHUHP[IRDQGP\IRDUHWKH[DQG\RIIVHWV
UHFRYHUHGIURPWKHPRWLRQWHPSODWHDWWLPHIR1RZZHFDQIRUPWKHNHUQHOWKDW
GHILQHVWKHVKDSHRIYRWHVLQWKHDFFXPXODWRU7KLVLVDFRPELQDWLRQRIFXUYHVDWD
QXPEHURIWUDQVODWLRQVRULHQWDWLRQVDQGVFDOHVDQGFDQEHREWDLQHGIURP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
ZKHUH8[DQG8\DUHWZRRUWKRJRQDOYHFWRUVGHILQLQJWKH[DQG\D[HVUHVSHFWLYHO\2QH
ILQDOSDUDPHWHUOILVDGGHGWRSHUIRUPWHPSRUDOVFDOLQJRQWKHPRWLRQWHPSODWHWKHUHE\
DOORZLQJDGMXVWPHQWRIWKHVSHHGDWZKLFKWKHSDWKLVWUDYHUVHG7KLVFXUYHLVLQVHUWHG
LQWRWKHDFFXPXODWRUE\RIIVHWWLQJLWIURPWKHFRRUGLQDWHVRIHDFKIHDWXUHSRLQWLQWKH
LPDJHVHTXHQFH,6GHILQHGE\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
+HUH () l WI  LVDSDUDPHWULFIXQFWLRQWKDWGHILQHVWKHSRLQWVLQWKHLPDJHVHTXHQFHIRUD
IUDPHWLPHIZKHUH'WLVWKHGRPDLQRIDQLPDJHLQWKHVHTXHQFHDQG'ILVWKHGRPDLQ
RIWKHIUDPHVRIWKHVHTXHQFH7RHQVXUHWKDWWKHORFXVGUDZQLQWKHDFFXPXODWRUSDVVHV
WKURXJKWKHUHIHUHQFHSRLQWWKHNHUQHOLVRIIVHWIURPWKHLPDJHFRRUGLQDWHVRIHDFKIHDWXUH SRLQW +HQFH WKH IROORZLQJ H[SUHVVLRQ GHILQHV KRZ YRWHV DUH SODFHG LQ WKH
DFFXPXODWRUIRUDQLPDJHVHTXHQFH,6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7KHHTXDWLRQVDERYHGHVFULEHWKHFRQFHSWRIWKH+7EXWGRQRWIRUPDOLVHWKHDFWXDO
WHFKQLTXHXVHGQDPHO\WKHDFFXPXODWLRQSKDVH3DUDPHWHUVSDFHFDQEHPDSSHGLQWRDQ
DFFXPXODWRUE\ XVLQJD PDWFKLQJ IXQFWLRQ 0 ZKLFK GHWHUPLQHV ZKHWKHU D SRLQW LQ
SDUDPHWHU VSDFH VKRXOG EH LQFUHPHQWHG 7KH VLPSOHVW DFFXPXODWLRQ VWUDWHJ\ LV WR
LQFUHPHQW E\ XQLW\ IRU HDFK PDWFK &KDQJLQJ 0 FDQ DFFRPPRGDWH PRUH FRPSOH[
VWUDWHJLHV$SSO\LQJWKHPDWFKLQJIXQFWLRQWR$WRYHUDUDQJHRISDUDPHWHUYDOXHVJLYHV
ULVHWRDPDSSLQJLQWRDQDFFXPXODWRUVSDFH7KHSDUDPHWHUVSDFH6’)LVJLYHQE\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ZKHUH ELVDYHFWRURIWKHLPDJHFRRUGLQDWHVDWWLPHOILVWKHWLPHVFDOHIDFWRURLV
WKHWLPHRIIVHWSKDVHOPDQGrPDUHVFDOHDQGRULHQWDWLRQWKDWWUDQVIRUPWKHPRWLRQ
WHPSODWH¶VSDWKDQGOJDQGrJDUHVFDOHDQGRULHQWDWLRQSDUDPHWHUVIRUWKHLQLWLDOSRVLWLRQ
RIWKHWDUJHWVKDSH () l WI  UHWULHYHVIHDWXUHSRLQWVIURPWKHVHTXHQFH
7KLVH[SUHVVLRQJLYHVDQDFFXPXODWLRQVWUDWHJ\IRUILQGLQJDUELWUDU\VKDSHVPRYLQJ
DUELWUDULO\,WDOORZVH[WUDFWLRQRIWKHRSWLPDOSDUDPHWHUVGHVFULELQJDQDUELWUDU\EXW
VSHFLILHG VKDSH RI XQNQRZQ RULHQWDWLRQ SRVLWLRQ DQG VFDOH WKDW LV IROORZLQJ DQ
DUELWUDU\ EXW VSHFLILHG SDWK RI XQNQRZQ RULHQWDWLRQ DQG VFDOH ZKLFK WDNHV DQ
XQNQRZQWLPHWRWUDYHUVH
7KH EDVLF DOJRULWKP UHTXLUHV DQ HLJKWGLPHQVLRQDO DFFXPXODWRU ZKLFK LPSRVHV
VLJQLILFDQWFRPSXWDWLRQDOFRVWHYHQIRUORZUHVROXWLRQVHTXHQFHVDQGVPDOOSDUDPHWHU
UDQJHV+RZHYHUPRVWRIWKHVSHHGXSDQGPHPRU\UHGXFWLRQPRGLILFDWLRQVWR+7
UHODWHG WHFKQLTXHV DUH DSSOLFDEOH ± HJ SDUDPHWHU VSDFH GHFRPSRVLWLRQ PXOWLVWDJH
SURFHVVLQJRUJHQHWLFDOJRULWKPV$QRWKHULPSRUWDQWIHDWXUHRIWKH+7LVWKDWLWLVZHOO
VXLWHGWRSDUDOOHOLPSOHPHQWDWLRQ
5HVXOWV
,W LV XVXDOO\ SUXGHQW WR FRPSDUH QHZ WHFKQLTXH ZLWK FRQWHPSRUDU\ RU HTXLYDOHQW
DSSURDFKHV7KLVDSSHDUVXQIHDVLEOHLQWKLVFDVHDVWKHPRVWDSSURSULDWHFRPSDUDWRU
WHFKQLTXHVDUHWKH*+7EXWZLWKLQWHUSRODWLRQRUWUDFNLQJ7KHVXLWDEOHIRUPRIWKLV
LQWHUSRODWLRQIRUWKH*+7RUPRWLRQPRGHOIRUWUDFNLQJLVDFWXDOO\WKHPRWLRQWHPSODWH
WKH YHU\ VXEMHFW RI WKHVH UHVXOWV 7KH DOWHUQDWLYH ZRXOG EH D IXOO\ UHSUHVHQWDWLYH
SDUDPHWULFPRWLRQPRGHOWKDWDVH[SODLQHGSUHYLRXVO\LVFRPSXWDWLRQDOO\LQWUDFWDEOH
GXHWRLWVLQILQLWHGLPHQVLRQDOLW\&RQVHTXHQWO\WKHRQO\SUDFWLFDOFRPSDULVRQWKDWFDQ
EHPDGHLVWKDWRIDIUDPHE\IUDPHH[WUDFWLRQSURFHVVZLWKDQRQDQDO\WLFWHPSODWH
UHSUHVHQWDWLRQ DJDLQVW DQ LQWHJUDWHG PXOWLIUDPH H[WUDFWLRQ SURFHVV ZLWK DQ DQDO\WLF
WHPSODWH UHSUHVHQWDWLRQ 7KLV FRPSDULVRQ KDV DOUHDG\ EHHQ PDGH >@ LQ WKH HDUOLHU
DSSURDFKWRPRYLQJDUELWUDU\VKDSHH[WUDFWLRQZLWKRXWPRWLRQWHPSODWHVEXW ZLWKD
OLQHDUPRWLRQPRGHODQGIDLOVWRWHVWWKHVXEMHFWRIWKLVSDSHUWKHPRWLRQWHPSODWHLQ
DQ HYLGHQFH JDWKHULQJ FRQWH[W 7KH VWXG\ IRXQG WKDW WKH IUDPHE\IUDPH *+7 KDG
LQIHULRUSHUIRUPDQFHLQQRLVHDQGRFFOXVLRQVLQFHHUURUVLQDVLQJOHIUDPHZRXOGFDXVH
JOREDOHVWLPDWLRQHUURUVWKDWZHUHDYHUDJHGRXWE\WKH9+7¶VPRUHLQWHJUDWHGDSSURDFK&RPSDULVRQZLWKRWKHUWHFKQLTXHVWKDWXVHVLPLODUNQRZOHGJHRIPRWLRQVXFKDVD
QHXUDOQHWZRUNEDVHGKXPDQPRWLRQWUDFNHU [@RUDVSDWLRWHPSRUDOUHSHWLWLYHPRWLRQ
GHWHFWRUXVLQJWHPSRUDOWH[WXUHV [@LVQRWFRPSDULQJOLNHZLWKOLNH,QWKHFDVHRI
WHFKQLTXHVWKDWDUHDVGLVVLPLODUDVDWUDFNHUDQGDQH[WUDFWRUWKHFRPSDULVRQLVEHVW
PDGH RQ D TXDOLWDWLYH UHTXLUHPHQWV RU IHDWXUHV EDVLV HJ RSWLPDOLW\ YV RQOLQH
SHUIRUPDQFH UDWKHU WKDQ D TXDQWLWDWLYH SHUIRUPDQFH DQDO\VLV ,Q OLJKW RI WKHVH
GLIILFXOWLHVZHKDYHH[DPLQHGWKHSHUIRUPDQFHRIWKHQHZWHFKQLTXHLQWHUPVRIQRLVH
DIIHFWLQJHDFKFRPSRQHQWRIWKHV\VWHPUDWKHUWKDQDWWHPSWWRPDNHGLUHFWFRPSDULVRQV
ZLWKRWKHUGLVWDQWO\UHODWHGDSSURDFKHV
DVKDSH EQRLVH FQRLVH GQRLVH HWUDMHFWRU\
)LJXUH±VKDSHZLWKDQGDGGHG*DXVVLDQQRLVHDQGPRWLRQWUDMHFWRU\
 3HUIRUPDQFHDQDO\VLVRQV\QWKHWLFLPDJHV
7KHQHZDOJRULWKP ZDV UXQ RQ D QLQHIUDPH VHTXHQFH EDVHG RQ D VPDOO   ´ 
LPDJH)LJXUHDPRYLQJDORQJWKHSDWKVKRZQLQ)LJXUHH7KHPRWLRQWHPSODWH
XVHGZDVJLYHQSHUIHFWFRRUGLQDWHVVLQFHZHDUHH[DPLQLQJWKHUHVSRQVHWRLPDJHQRLVH
LQWKHLQSXWVHTXHQFHQRWQRLVHLQWKHPRWLRQWHPSODWH$VPDOOLPDJHZDVFKRVHQWR
PDNHSUDFWLFDOFRPSXWDWLRQRIODUJHVFDOHWHVWV1RLVHZDVDGGHGDWUDQGRPWRHDFK
IUDPH RI WKH VHTXHQFH DW HOHYHQ QRLVH OHYHOV IURP  UDQGRP FRYHUDJH WR 
UDQGRPFRYHUDJHRIWKHIUDPHZLWKSL[HOYDOXHVZUDSSLQJUDWKHUWKDQEHLQJFOLSSHG
ZKHQWKHDGGLWLRQRIQRLVHWRRNWKHYDOXHVRXWRIUDQJH7KHQRLVHGLVWULEXWLRQZDV
]HURPHDQ*DXVVLDQZLWKDVWDQGDUGGHYLDWLRQRIRQH([DPSOHVRIWKHHIIHFWVRIWKH
LQFUHDVLQJQRLVHOHYHOVFDQEHVHHQLQ)LJXUH7KHJUH\OHYHOLPDJHVSURGXFHGDUH
WKUHVKROGHGE\WKHDOJRULWKPVKRZQEHIRUHWKUHVKROGLQJLQ)LJXUHFG1RWHWKDW
DWWKHPD[LPXPQRLVHOHYHOWKHVKDSHLVFRPSOHWHO\REOLWHUDWHGDQGWKDWDWDURXQG
QRLVHWKHVKDSHLVEDUHO\YLVLEOHWRWKHH\H
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)LJXUH1RLVHSHUIRUPDQFHIRUV\QWKHWLFLPDJHU\
7KHJUDSKDERYHVKRZVWKHQHZWHFKQLTXHFDQKDQGOHVLJQLILFDQWOHYHOVRIQRLVH7KH
SHUIRUPDQFHFXUYHLVVLPLODUWRWKRVHIRUSUHYLRXV9+7GHULYHGWHFKQLTXHVDQGIURP
WKRVHVWXGLHVE\DFFXPXODWLQJWKHDGGLWLRQDOWHPSRUDOO\FRUUHODWHGHYLGHQFHWKH9+7
EDVHG WHFKQLTXHV DUH DEOH WR KDQGOH QRLVH OHYHOV WKDW DUH DSSUR[LPDWHO\  SHUFHQW
JUHDWHUWKDQDFRPSDUDEOH*+7EDVHGIUDPHE\IUDPHWHFKQLTXH7KHHIIHFWRIQRLVHFRUUXSWLRQRIWKHPRWLRQWHPSODWHVZDVDOVRDQDO\VHGWKRXJK
VSDFHOLPLWVSUHYHQWLQFOXVLRQKHUH(VVHQWLDOO\LIWKHQXPEHURISRLQWVFRQWULEXWLQJ
IDOVH HYLGHQFH H[FHHGHG WKH QXPEHU JLYLQJ WUXH HYLGHQFH WKHQ D IDOVH SHDN ZDV
H[WUDFWHGDVH[SHFWHG7KHQRLVHZDVDUUDQJHGWRDIIHFWPRWLRQWHPSODWHVFRRUGLQDWHV
DWUDQGRPDQGZLWKGLIIHUHQWYDULDQFH3HDNVSUHDGLQJZDVREVHUYHGLQVLWXDWLRQVRI
KLJKQRLVHZKHUHIDOVHSHDNVZHUHH[WUDFWHG
 3HUIRUPDQFHDQDO\VLVRQUHDOLPDJHV
2XUFXUUHQWLQWHQWLRQLVWRDSSO\WKHQHZWHFKQLTXHWRWKHDQDO\VLVRIKXPDQPRWLRQ
DQGHYHQWXDOO\WRSURGXFHELRPHWULFVIURPJDLW)RUWKHVHSXUSRVHVDQGWRH[DPLQH
UHDOZRUOGLPDJHU\ZHKDYHHYDOXDWHGWKHDOJRULWKP¶VSHUIRUPDQFHZKHQORFDWLQJD
ZDONLQJSHUVRQYLHZHGIURPWKHVLGH6LQFHZHFXUUHQWO\UHTXLUHDULJLGVKDSHPRGHODV
ZLWKWKHDUELWUDU\VKDSH9+7ZHKDYHFKRVHQWRXVHWKHKHDGDQGWRUVRZKLFKLV
DSSUR[LPDWHO\DFRQVWDQWVKDSHWKURXJKRXWWKHVHTXHQFH+RZHYHUGLVWRUWLRQVLQWKH
VKDSHRIWKHERG\FRQWRXURFFXUGXHWRWKHPRWLRQVRIZDONLQJDQGHVSHFLDOO\GXHWR
FORWKHV$OVRVHOIRFFOXVLRQRIWKHERG\GXHWRWKHPRWLRQRIWKHDUPVDQGOHJVLVD
SUREOHPWKDWDIIHFWVWKHSHUIRUPDQFHRIPDQ\SHUVRQWUDFNLQJDOJRULWKPV
%\ WKH QDWXUH RI HYLGHQFH JDWKHULQJ WKH QHZ DOJRULWKP LQKHUHQWO\ FRSHV ZLWK
RFFOXVLRQVDQGLQDFFXUDFLHVWKDWGRQRWUHGXFHWKHQXPEHURIFRUUHFWYRWHVIURPWKH
UHPDLQGHURIWKHWUXHFRQWRXUEHORZWKHOHYHORIIDOVHSHDNVLQWKHDFFXPXODWRU$JDLQ
RZLQJWRWKHUREXVWQHVVRILWVIRUPXODWLRQWKHUHLVQRQHHGIRUH[FHSWLRQDOSUHFDXWLRQV
LQWKHQHZWHFKQLTXH&RQVHTXHQWO\LWLVSRVVLEOHWRGHWHFWSHRSOHXVLQJWKHWHFKQLTXH
LQLWVFXUUHQWIRUPE\VHDUFKLQJIRUWKHWRUVR+RZHYHUQRPHDQLQJIXOJDLWGDWDFDQEH
JDWKHUHGIURPMXVWWKHORFDWLRQRIWKHWRUVRVRWKLVPHWKRGRIORFDWLQJDKXPDQLVRQO\
XVHIXODVDSULPHUIRUDQRWKHUWHFKQLTXH1RQHWKHOHVVXVLQJWKHQHZWHFKQLTXHWRORFDWH
DKXPDQGHPRQVWUDWHVWKDWLWLVHTXDOO\DSSOLFDEOHWRUHDOZRUOGLPDJHV
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)LJXUH7HPSODWHVDQGH[WUDFWLRQIRUIUDPHVDQGRIVHTXHQFH&$
)LJXUHDVKRZVDUHFRQVWUXFWHGWHPSODWHRIDZDONHU
VWRUVRDQGKHDGZKLFKZDV
RULJLQDOO\FUHDWHGE\PDQXDOO\WUDFLQJIURPRQHRIWKHIUDPHVLQWKHVHTXHQFH$OVR
VKRZQLVDSORWRIWKH[DQG\FRPSRQHQWVRIWKHPRWLRQWHPSODWHXVHG)LJXUHHDQG
VHYHUDOIUDPHVRIWKHZDONHUVHTXHQFH&$ZLWKWKHH[WUDFWHGWHPSODWHVXSHULPSRVHG
)LJXUHEG$VQRLVHLVDGGHGWKHSHUIRUPDQFHKROGVDSSUR[LPDWHO\WRWKDWRIWKH
V\QWKHWLFFDVH7KHGLIIHUHQFHFDQEHDWWULEXWHGWRWKHLPSHUIHFWFRQGLWLRQVSUHYDOHQWLQ
WKHUHDOZRUOGLHFOXWWHUHGDQGQRLV\EDFNJURXQGDQGLPSHUIHFWVKDSHDQGPRWLRQ
WHPSODWHV7KHUHVXOWVRIWKH*DXVVLDQQRLVHWHVWVDUHVKRZQLQ)LJXUH7KLVFXUYHLVVLPLODULQVKDSHWRWKDWVKRZQHDUOLHUIRUV\QWKHWLFVKDSHVVWDUWLQJWRORVHDFFXUDF\DW
QRLVHDQGPLVVLQJWKHWDUJHWFRPSOHWHO\DERYHQRLVH
$VLPSOHWHVWRIWKHHIIHFWVRIRFFOXVLRQZDVFDUULHGRXWRQWKHZDONHUVHTXHQFH&$
GHVFULEHG DERYH 1R QRLVH ZDV DGGHG WR WKH VHTXHQFH VLQFH WKLV ZRXOG EH DQ
XQQHFHVVDU\ FRPSOLFDWLQJ IDFWRU ,QVWHDG D QXPEHU RI YHUWLFDO OLQHV RI SL[HOV ZHUH
EODQNHGRXWDQGWKHDOJRULWKPZDVUXQRQWKHUHVXOWLQJLPDJH7KHUHVXOWVUHYHDOHGWKDW
WKHQHZWHFKQLTXHNHHSVFRUUHFWO\H[WUDFWVWKHZDONHUXQWLOWKHEODQNLQJLVSL[HOV
ZLGH±ZKLFKFRPSOHWHO\REVFXUHVWKHZDONHUIRUDSSUR[LPDWHO\RIWKHGXUDWLRQRI
WKHHQWLUHVHTXHQFH$VLQHYLGHQFHJDWKHULQJWKHQHZWHFKQLTXHKDQGOHVHYHQH[WUHPH
RFFOXVLRQRZLQJWRWKHJOREDOLQWHJUDWLRQRIHYLGHQFHDFURVVWKHHQWLUHVHTXHQFH
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)LJXUH1RLVHSHUIRUPDQFHIRUVHTXHQFH&$
)LJXUH0$6*DQG9+WRSURZDQG0$6*DQG9+ERWWRPURZIUDPH
]HURZLWKWHPSODWHVXSHULPSRVHG
 )LQGLQJSHRSOH
)XUWKHUWHVWVZHUHSHUIRUPHGWRFKHFNWKHUHSHDWDELOLW\RIKXPDQZDONHUH[WUDFWLRQ
7KUHHH[WUDLPDJHVHTXHQFHVRIZDONHUV0$6*DQG9+ZHUHH[WUDFWHGFRUUHFWO\
DVVKRZQLQ)LJXUH$OVRVKRZQDUHWKHUHVXOWVRIDWWHPSWLQJWRH[WUDFWWKHVDPH
ZDONHUIURPDGLIIHUHQWVHTXHQFH0$6*DQG9+UHVSHFWLYHO\ZKLOVWXVLQJWKH
VDPH VKDSH DQG PRWLRQ WHPSODWHV $V FDQ EH VHHQ 0$ DQG 6* DUH FRUUHFWO\
H[WUDFWHGEXW9+LVVOLJKWO\LQHUURU7KLVLVGXHWRVRPHSUREOHPVWRZDUGVWKHHQGRIWKHVHTXHQFHZLWKEDGHGJHVDQGKHQFHDEDGPRWLRQWHPSODWHUHVXOWLQJIURPKHLJKWRI
WKHVXEMHFWDQGWKHLQWHUDFWLRQZLWKWKHOLJKWLQJLQWKHURRP
6LQFHWKHUHVXOWVDUHJHQHUDOO\YHU\DFFXUDWHWKLVRIIHUVKRSHIRUDIXWXUHDWWHPSWDW
ORFDWLQJKXPDQVZLWKDVWDQGDUGZDONPRWLRQWHPSODWHDQGDVXLWDEOHUDQJHRIVFDOLQJ
SDUDPHWHUV7KLVKDVQRW\HWEHHQDWWHPSWHGGXHWRWKHFRPSXWDWLRQDOUHTXLUHPHQWVEXW
VKRXOGEHDFKLHYDEOHZLWKDJHQHWLFDOJRULWKPLPSOHPHQWDWLRQ
&RQFOXVLRQVDQG)XUWKHU:RUN
:HKDYHSUHVHQWHGDQHZWHFKQLTXHWKDWUREXVWO\H[WUDFWVRSWLPDOVWUXFWXUDODQGPRWLRQ
SDUDPHWHUVIRUDUELWUDULO\PRYLQJDUELWUDU\VKDSHVLQDQLPDJHVHTXHQFH7KHWHFKQLTXH
UHTXLUHVQRLQLWLDOLVDWLRQRUWUDLQLQJDQGKDVGHPRQVWUDWHGH[FHOOHQWWROHUDQFHWRQRLVH
DQGRFFOXVLRQ'LVFUHWLVDWLRQHUURUVDUHPLQLPLVHGLQWKHDFFXPXODWRUE\XVLQJ)RXULHU
GHVFULSWRUV WR UHSUHVHQW WKH WHPSODWHV RI VKDSH DQG PRWLRQ LQ FRQWLQXRXV IRUP
HOLPLQDWLQJ FRPPRQ SUREOHPV ZLWK URWDWLRQ DQG VFDOLQJ $OVR WHPSRUDO FRUUHODWLRQ
EHWZHHQIUDPHVLVH[SORLWHGWRPD[LPLVHFKDQFHVRIFRUUHFWH[WUDFWLRQ)LQDOO\PRWLRQ
WHPSODWHVDUHDQRYHOGHYHORSPHQWRIWKH+7DQGDOORZIRUDZLGHUDQJHRIDSSOLFDWLRQV
WKDW UHTXLUH D PRUH JHQHUDO PRWLRQ PRGHO 7KLV QHZ FDSDELOLW\ FRPHV ZLWKRXW WKH
H[SORVLRQRISDUDPHWHUVSDFHGLPHQVLRQDOLW\LQKHUHQWLQFXUUHQWSDUDPHWULFDSSURDFKHV
)XWXUH GHYHORSPHQW LV OLNHO\ WR RFFXU LQ WZR DUHDV 7R IXUWKHU JHQHUDOLVH WKH
DSSURDFKLWZRXOGEHXVHIXOWRSDUWO\UHOD[WKHULJLGVKDSHUHTXLUHPHQW$SRVVLEOH
DSSURDFKPLJKWDOORZWKHPRWLRQWHPSODWHWRVSHFLI\GLIIHUHQWPRGHOVIRUGLIIHUHQWSDUWV
RIWKHVHTXHQFHSHUKDSVZLWKVRPHIRUPRIPRUSKLQJEHWZHHQPRGHOVORRVHO\EDVHGRQ
WKH+7IRUQDWXUDOVKDSHV,QDSSOLFDWLRQZHLQWHQGWRLQWHJUDWHFXUUHQWJDLWUHVHDUFK
ZLWK PRWLRQ WHPSODWHV ,Q FRPELQDWLRQ ZLWK DQ DUWLFXODWHG OHJ PRGHO LW PLJKW EH
SRVVLEOHWR ILQG VSHFLILF LQGLYLGXDOV XVLQJ D PRWLRQ WHPSODWH WR GHVFULEH D SHUVRQ¶V
XQLTXHZDONLQJPRWLRQ7KLVZLOOUHTXLUHLQYHVWLJDWLRQRIZKHWKHUDPRWLRQWHPSODWHRI
DZDONLQJSDWWHUQLVXQLTXHWRDQLQGLYLGXDO
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